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(54) 4-UGHT-WAVE MIXED UGHT GENERATING CIRCUIT AND OPTICAL 
SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide the 4-light-wave 
mixed light generating circuit which can separate and 
extract 4-light-wave mixed light (wavelength converted 
light and phase conjugate light) from signal light and 
exciting light without using a wavelength demultiplexing 
means such as a wavelength film and the optical circuit 
which uses it 

SOLUTION: A ports 3 of a 2 x 2 optical branching and 
coupling unit and an optical nonlinear medium are 
connected by a dispersive medium which has a specific 
length and a specific propagation constant and a port 4 
and the optical nonlinear medium are connected by a 
dispersive medium which has a specific length and a 
specific propagation constant; and the signal light S 
(carrier angular frequency (Os) and exciting lights PI and 
P2 (carrier angular frequencies oopl and cDp2) are made 
incident from a port 1 of the optical branching and 
coupling unit 20 and the 4-light-wave mixed light (carrier 
angular frequency a)1^<Bp1+(Dp2-(DS) generated by the 
optical nonlinear medium is led out of a port 2. 
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1 

[if 1 ] u T^mmmco. . w.^, co^^cd^ 

s©-sigi:$i^-&-rs«*Li , e«e^iSKx(a)) ®^ 

KD^wci^mmt. 10 

f ( = a>pi + - o) , ) ©^ iliM ^ 

^Mli^a (Oga<l/'2) iiL&ii^t. 20 
{K2(w3) + K2(ajf)-K2(aipi)-K2(£t>p2)} L2= 
{Ka(ct>=) + Ki(wr)-Ki(a)pi)-Ki(a)p2)} La + 

(2n- 1 ±a)7r 

Mo 

[ afjRii 2 ] It^JS 1 1 f B«© 4 ^fctftS^^^^iggS 

(i)pi<a»= <Wp2 30 

[if^S3] ^^UT^^StlgiJw.j (j =1,2,-, 
N) , cDpi, Wp2©^A»^:^i- UT'i^M^SaSCWfj (=tt) 

pi+a>p2-w=j) (D^^^^:^^^^mmmnt. 

=*--^ U T^iltS^a),j, Wpx, Wp2, a>fj©7feS:-€^?x^ 
©Tfe^iKJ^-^^i:. 

Bu§B^^iiess-&^©m 1 ©m;>3^- h hmm%$mmm 

K©-SSi:$:je-&T5S?Li , eaS^iSKa(w) ©^ 
l©i9-i!cttJKKi:. 40 

M©ffesiJ:^ijg-&-r?.ft$L2 , eae^^Kaiw) ©^ 

2©^tfcf4jfiEKi;Sil^. 

^■v U T:llil?6i!(w»j©?^:^^®fg^^i3<tt>-a^^ ij 7 
:ftMIiS^a>pi, a)p2©I!i®^$:fuIB7fe^e^-&fl©|g 1 
© A;'37}f- AW mlBB^^iS^^^©^ 2 © A;b 

^rnM^a (Oga<l/2) iiLfcii^fc:. 50 



* t • I 
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2 

{K2(a;fj) + K2(a;3j)-K2(w^i)~K2( Wpz)} Lz 
= {Ki(a>rj) + Ki(a>3j)-Ki(wpi)-Ki(wp2)} L 

x + (2n- 1 ±a)7r 

Mo 

[if 4 1 if 3 {ciB«© 4 ^«jg-&^^^ii6S 

■iSS^WS^Tfe®^^ U T^MI?SISw3j ( j =1,2,-, 
N) mm^^cD^^ V TMmr&m.a}^i, co^^tK 
<Upi<ct>sj<a>p2 

[if5RiB5] if^« iip^gf^iB4©v^-rnA^tciB« 
[ff^ei itsfsiB l*^e.if«^4©v^mip^c5B« 

4'©ffl«[^t!c ^ ^fii X. fe C h i: r S 
4)fc«?ig^^^^(iliKo 

[list?:^ 7 ] if 5t<iH 1 >f)^ ^af aRiI 4 ®v^■r^^*>{cfa^ 

© 4 ^^g^M-^^^^(i]gSCi5V^T. 

^«lEg§fflm;<73teS:^te^fe^g-&S©^ 1 ©A:t;5K- h {c:a 
W^SClii^^mhl-S 4*jS?g-^5t^^[HlS§. 
[if ^ig 8 ] if ^ig 1 e.lf 4 ©VN-rtl,iP(Ci3«c 
© 4 3fc^ig-&^^^[p]g&{>:43l.^ 

4^«rg^^^^[ilS&o 

m^m 9 1 If 1 1> ^m^m 4 ©v>m*>{ci3® 

© 4 [ass 1 4ba ^ T s 

Tte^iK^-grii©^ 2 © A;^;;^- h ©m*f3t ^-^^ "J T 

umm 1 0 ] mmM 1 A>^si*JS4©v^■r^^A^{c§3 
[if 1 1 ] m^m 1 0 \cmm<D 4 ^iss^^fe^^ 

«^^©:ftjK^s@M<z>=(t)*fc(±0.j(t) 
©:ftJK^^a0pi(t), 0p2(t) AS, 
<zSpi(t) + 0p2(t)-<zi,(t)=O 

0pi(t) + ?5p2(t)-953j(t)=O 
©H^{cgg^^nfeci:S1t^i:-r5 4^«2?i-&3fc^^ 



3 

^[Blj?S, 

[itJRiS 1 3 ] 7 {Zf3«® 4 3fc«crM-&^l6^ia 

^nia (n=i,2,-,M) (D 4 ytum^^m^m^i^. m 
mmM 1 4 ] m^m^&^titz^^ u r^iasEiRw 

(k = l,2,-,N) {C^^S-rS^^r^UT^MI^aWpi^. w 

^^iKi^^S©^ 1 ©A;b5l<- h t HfrfB^^ScS©ai:tj 

7t^A*rb. 3t^iKiSS^g§©^2©A;t7:1t-hA^^, iu 

[0 0 0 1] 

j^S^>fe^^^-rS4^iSrg^^#g^[IliiS^ :}3cfct>-^tv 
[0 0 0 2] 

[«e*©fit'#] 02 =ee*©43fc«[?S^3fc^^|51i^ 

pa) tt^fc^rSEigi i-r-i^-&^ti> %immm. \ 2{ci^ 
p#icA*j$nTeas-r-5ci:ti<t»3. 3iR©^>'^^>{h 

'J >y<>^!j«#^^^tl?>o ^UT. 4 7fe?SS^3lS{CJ; 
?3 ^-v 'J Z:ilJfl?SiS<*J* ( = C(jpi + a>p2-w=) ©4:)t?S 

[0 0 0 3] c:©4^sri^>fcF{i. =^r-\'';T^;a«is 
?=fKn©M^(c^t). «^7ts©{5if*i^t^§;^-c-i,$,s. -r 
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'fciD-fe. 4^«^g•&^«^ls]^stt^4ffi«^s;^fc^^lIs&{c 

■fo^feS. 1212 2 ffiilbfcU^e^teP (^^UT^iH 

^S^a>p ) <£fflV^fe»^©«fig^S^^o 4^jS?M 

^Sft^s{i^7t©#j««?&-®^j^-r 
iiiiiStc«?s^tt^nfcNfia©fs^^Si ~Sn 

ifeWfi~£t>fN (a>f j = c<jpi + a;p2— aJsJ^ j=l~N) © 

10 jgf«^-e^ii-r5ci:A5-r-§2.o 02 3{cf±. siiib 

[0 0 0 4]«::fc\ EI 2 1 ~ia 2 3 {c^-rt^*«figT- 

tt. fl^TtS. S&®^Pa,P2,P. 4^?^ig^3fcF©t- 

-^xitfi^4¥mmmi 2A-si5]-*ipif^s*oTm*f$ 

n2.©-rN 47fcjK?S-&>fcF^5lf)tB-rfe»{c^i'U7':ft 
Jl«?ISwr ©>te©3!*S3t^?Sft7-<;i/<S' 1 3ASfflV^e,n 

o 

[0 0 0 5] 

20 [«W*s«¥«^b<tai:t--5»®] i:C5TN «^^S* 
e.4^iSS-&^F'v®^|^Jff (4*«ii^^^/m 

^^^JS) ^A^<^2.(3{i. M-^^i:S&@^®:^^'J 
T^ffli^iSa>= , Wpa, c^^psSrSEJe^-M-. Sljg^^SS 
;^^<-r-S'^SA*$>o:fe„ Ltzifi-oX. My^)\^^l 
3 i: bT(i. 4^M?M^7^^{-^bT3l^A§'Ec^ffi 
S*-r5®e7fe$:fPiEb. A^oSjS^ii^^i'UT^JlSc 
bfc 4?te?SzS^^^®jiii^-a-S't4tEAsS5l<^n 
feo bA»b. C©J®^s lfia®«?ft7>f ;i/<5'T-ttS6®>te 

^tz. 

[0 0 0 6] ti:e*©43fc«tS-gr^^*I5|liST-{i. 

fi-^:>ts®;^-<^ h;i/*sstebfeteffl^t®^ (4^jg[?l 

^^F) =^+'Jr^Ml«^A5±g3© 
fijT-JiCi;, iy^iscor ( = ajpi + a)p2-a;=) tCv'^ ht" 

So :i(Dfz&. tm^^^^^mmtLx^yr-i ^"^m. 
mm'px-m^^^m-^'zit. ^©sfj^tcjstt-sfi-^Tfctia 

*Btt®:*{c^-rsjas^t!cfit©^YbAs>e{t^n;feA»o 

to 

40 [ 0 0 0 7 ] «ES#fi«^^©-SigJ«^tfe[5|g& 

i: bTfflV''SJS-&lc{i, 2-o®M^^S„. Sri ©^^ 
VTMm^Wl.co=a„ a;,„i:®i^^Pa,P2 ®^-\' U 

(Dmm^l^tlit. 4^?^rg-&^F„ , F„ ®^^'J7'A 
m^mts Atl#t)-PTW3.., a>=mi:J5:t), fg-^^©^ 
^UT^J^«E^©2S5«lhll^®i5!l*AS»f>nSo bA» 
b. t!e*®4:)fe«{ig^3fc#6±lIB&T-«*. ■fs^3feS„ i: 4 
^M?S^^F„ ^ fg^^Sr. i:4^iSfg-&^F„ ®:^r-^ 
50 'JT^JlliS^*s|5]b{3-&f3, 1 3T-^gSt- 
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[0 0 0 8] *#g0^tt. ^ ji^^mcDr&A^m^m. 
^m^^ri'. 4^}&m^^ ms^^^t^, mm^iSit^) 

[0 0 0 9] 
[0 0 10] 



mmn i (ommm) m i Ji. w^ih i © 4^«?mi 



20 



^|g^leI8S©^SSJI^«Sr^-ro 0t43V^T^ 2x2©^ 
^tei^^^2 0©;K-h(3), ©^^g^t-S^ilcSiKKff 

i/t^mmmm i 2 i: ^mmr^^mmm. 2 1 ^ 

AsR = A3 exp( - i Ki(ajs) Li) •••(!) 
ApaK=Api exp(— i Ki(tt>pi)Li) •••(2) 
Ap2R= Ap2 exp(— i Ki( Wp2)La) •••(3) 

[0 0 1 3] ?te^3-lK^-&^2 0©:K-h®lr^|li5 30 K 2 2 LT^IWaff^ 

2 2^w&mm2 \^if^-Y<s>(Dv& 



«l»<feK2(w)i:1-5o ^^iSM-&l§2 0tt> ^^■^'UT' 
:ftJSISS!fa;s , Wpi, a>p2, ojf ( = Wpi + a)p2 — a;^ ) 

[001 1 ] =^r^ U Tf^mmWLO). ©M^^S i:=Sr^ U 

T^Jl^g^l^Wpl, Wp2©ltl®>fePa,P2 {i^^feiiS^gl 

2 o©xt?-^(DA^5>Alhf$n^ ^n^n^uv>^]K*5j; 

- h Otc jit UT ^ p ;^ h i: S Ji?- h taw^ 
n€,fs^^Sijir>-stj®3tPa,P2 {±. 
Jfe S b ® 5> tb*f $ n 5 S 43 J: t>'U®^ P 1 , 
P2 t?:tLT^te©tefflAS90jejin-5„ bfc*SoT. 

h<3)Cjb'(t5ff-^^s©it*a;i?.ffiflis^A= 

7fcP.,P2 ©«««^SiB$:Api, Ap2i:-r5i:> 4^- 
h€)(c:}3{tsm^*S®ffl*S|^^llfiA= exp(- i;r 
/2) hJfef). ae^Pi.Pa ©a««l!Lffi*ittApi exp 
(-i7r/2) , Ap2 exp(— i/7r/2) t^cSo 
[0 0 1 2] C1®J:-5C, 7^^il^iig-&^2 0®;}^-h® 

j^s 2 1 -^tftwmw^mw 1 2 ^^ffictt^H 2 2^>it- h 

€)®|lifc;fe[Hlt)T-fEa51-2.o ^^Tn 4^-h(3)A^e>^SiC 
tt^»2 1 $r^bT*^M^??$!^H 1 2fCAW$n5^IeI 
t)®{t-^7fcSfflit*S#tg*iA3R*5itFS&ja^Pa ,P 

2 ©a*«#|g«@ApaR , 



JKMl 2{rA*r^tiS*(Hlf5© 
{i^^S©a*«#*SiHA3i.:}3iI>-l&®^Pi,P2 ffl« 
^•l^tiApii. , Ap2i. 



A.L =A. exp(- i KaloJs) L2- i ;r/2) —(4) 
Apai.=Api exp(— i K2(ct>pi)L2— i 7r/2) —(S) 
Ap2i.= Ap2 exp(— i K2(a)p2) L2— i 7r/2) —(6) 



[0014] Tt^W^i^R 1 2 T-tt. ft^Tte S i:®^ 

ci:-r-Sl^^tiS3i):©7fevi^^ h U -y^J'SdSlcifj, 
^^UT^iWt^lSwr ( = a)pi + Wp2-a>=) ©43feiffi?g 

xjF%^^m'^Wi2o\zxmi.x^m-t^o tztih. 
>fcs*3j:yfis&ja^Pi,P2 tft^mmmmi 2iii^x:p 

^t!c14«Eg2 1, 2 2(tiT-?K«^t!c{C<fcSffiffl^Yb$:S 



{f-^itS43J;UfI!]7g^Pi,P2 t^bT. v-'fc(9'S7fe;i/ 
— 7"^ ^ — i: bTi&f^b (D.B.Mortiinore, "Fiberloop 
40 reflectors", IEEE Journal of Lightwave Technology, 
vol.6, pp. 1217-1224, 1988) . {g-^Jt S*j<ttFI!ie^ 

Pa,P2 ioo%mw^ti?.o 

[0 0 15]-;&. (l),(2),(3)Sf^$n5*[iIf30 



AfR — CAsR* AplR Ap2R 

= C Ao-ApiApa exp[i(Ki(w.)-Ki(wpi)-Ki(wp2))La] 



•(7) 



S hS6®^ P 1 , P 2*^ e,^^t-S.&[5] t) ® 4 ^tSig 



50 



(5) 

7 

Ajri.= CAoi.* Apiu Apzi. 

= CA3*ApiAp2 exp[i(K2(<W3) 
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8 



A* =A«. exp( 



K2 ( to pa ) - Kz ( a)p2 ) ) La - i 7r/2 ] 

...(8) 

* [0 0 16] Z(D:eJs\i!) ttEM^COA^&m-^^Ft^^ 
^b*:i:g©«^a^tB*iA^ , A3 (±, 



i KzlWflLa) 

= C A^'Api Ap2exp[ — i(Ki(a>ir)Li+K2((tJf )L2)]exp(i AKiLi) 

•••(9) 

A3 =Afi, exp(- i Ki(ci>f)Li) 

= C A.-ApiApaexpE-ilKilwflLa +K2(t«J*)L2)]exp(i AK2La-i7r/2) 

— (10) 

AKx =Ki(a)») + Kx(ajf)-Ka(ajpi)-Ki(a>p2) —(11) 
AK2 =K2(w») + K2(cur)-K2(a)pi)-K2(ct>p2) —(12) 



[0 0 17] ^;&iei^-&s2 0f(i^®;&ii5h^[g!3-)« 4^ms^^^F (Dmmm.m&mA^ , az 



Ai c«A3+Aa exp(— i7r/2) 

oc exp( i AK2L2) + exp( i AKiLi) 

A2 0CA3 exp(— i 7r/2) + A4 

oc— exp( i AK2L2)+exp( i AKiLi) 

ufcis^T^ ^m^mm2 i, 2 2*^ 

AK2L2=AKxLi + ( 2 n- 1 )7r 



•(13) 
•(14) 



(n{±Si!j) -(15) 
★ [0 0 18] M3lbfeiaie>te&fflV^5»-&fCtt. ±13© 

i:*jtt«iv^. (15) 
iCt-^-r^{t^{CRff^©f»:§KMa (0^a<l/2) t:m 



AK2L2=AKiLa + (2n- l±a);r (nttSIS) 

[0 0 19] iik±(Dj:.oiz4tftmM.-^^m^Mm^m^ 

(15),(16) SC{c^t-3fe(1^^«fct-^«!ctti«K2 1, 
2 2<£fflv^?,:itK:J:?), SEft^-r ;i/^'#©?KSt&gSI^ 

®^fflV^5Ci:*<. ^l^f^^JJ^Kl 2T-^^Lfc4 5fe 
-i^fl^7feFi:ft^7feS43J:^>*lti^7tP.,P2 i:^^gtt- 
hzti^X-^^o (i-^^SisiU'Kj^^Pi ,P 

?>®-r% 4^jffi?M-&^F^cfaA-r?)^i:{i^^v^, 
[0 0 2 0] immm 2 (Dmmmm) m 2 w^ib 2 

© 4 ^«?ffi^5t^^[alK®iBK6?i^t®^^-ro 4 
^^*[H]g§o«J5Ktt^ ^l®*)©i:|sib-r-fe5o ^^T- 

^2feb^:4^^ftrM-&^FAS(4ffi±t^S^i::feSii:^ 

^1". 0©i5^c^ (i-^^fcSfciija^tePi.Pa ©:^r^';-A- 

AsjR= Asjexp(— i Ki(ct)»j) Li) 
ii^^nSo 50 



-(16) 

<a>p2i:Us CDs =(<Odi + o) 
p2)/2i:^?>t. {s93fcSi:4^?Srg^^ ({uffitt® 

^) Fo^^'VT-^m^^mifi-m-r^^ coj®^t-*)s 
[0 0 2 1] (if^is 3 (D-mmm) m 3 {±. it *im 3 

0 4>t«S^>t|g^[ilg&©^B^$:g^-ro A^m^-^ 
3te«^lHllE&©«fiEtt01©*)©i:|BlbT-*i., 

{i. (j=i,2,-,N) ®?s«^a 

a,P2 ^7fc^nsiK-&s2 o®/^^-h(DA^e>At^t-5. fz 

[0 0 2 2] ^^H$^^|§2 0®/K-h(3)l^^Hi^nfe 
StS^««-^7teSj tSj^^Pi ,P2 tt. ^iicttJSK 
2 1 ^^fcl^lSfl^SEM 1 2 ^iScttj^g 2 2 ^dt- h @® 

-d') 

[0 0 2 3] ^^telS^^2 0®5K-h€>{c^te 



(6) #l8¥9-3 3 9 6 7 

9 10 

mm 2 2 -^^^mmmm 1 2 ^^tscttj^a 2 1 ^^k- h »3 ©Scft^sw^^ s . a^^i. 

A,ju=A«jexp(- i K2(w3j)L2- i 7r/2) — (4' ) 

[0 0 2 4] ^imBmmi2fpX'it. M^mm^tft tAStbxT^b. «?«^afi^^Sj iijus^tPx.p 

AfjR=CAsj"' ApiAbz exp[i(Ki(ct;=j)-Ki(ci;pi)-Ka(aip2))Li] 

•••(7') 

Pi, Pa A^e>^^-r5;£[H]t)®i^m^M^nfe43fe«?g* 

Ai.j,.= CA3j*ApiAp2exp[i(K2(aj.j)-K2(a)i.i)-K2(a)p2))L2-i7r/2] 

-(8') 

-j^^lt-h®, ®(cPJ3^Ufci:§©S3gS|fiJ5BA<ij, Aaj 

[0 0 2 6] 3CD;&[lli3i:;fe[Dt)CDigg^a^nfe4^ {i, 

ts^-^^Fj ■ii^^ti^ti^wL^m.m.2 2. 2i^i\-\^-a^ 

A4j=C A=j*ApiAp2expt-i(Ki(Wfj)Li+K2(ajfj)L2)]exp(iAKajLi) 

•••(9') 

A3j=C A=j"'ApiAp2exp[-i(Ki(t«>fj)Lx+K2(a)fj)L2)]exp(iAK2jL2-i;r/2) 

-dO') 

AKxj=Ki(w.j) + Ki(a>fj)-Ki(cUpi)-Ki(£t)p2) — (U') 

AK2j=K2(t£j3j) + K2(wrj)-K2(a;pJ-K2(wp2) •••(12') 

■^•^^o ♦O), (2){cmitt^ns«s^a$*xfe4>t^ig-&5fcFj © 

[0 0 2 7] ^K^iei^^S2 0-ett^ C©*I1I?3 m.mm^mA.„ A^Ji, 

t3©4^^ig-&^Fj As«-«:gri:(cT^b. Pj^-h ♦ 

Aijoc exp( i AK2jL2)+exp( i AKijLi) —(13') 
A2jOc-exp( i AK2jL2)+exp( i AKuLi) — (14' ) 

hm^fl^o bfc*SoTv ^Wi'&mW.2 1. 2 2*s 

AK2jL2=AKijLa + ( 2 n- 1 )7r (nttSgSt) —(15') 

il'SeS^f^^fiSfc-rhg-. ?^S^S^tife4^fcjSJg^^ * [0 0 2 8] MilbfeMj^^^fflv^-Si^^lcfi, ±|BCD 

Fj &J}t-h©{c 100%mtif$-B-SCi:AST-§. ^-h ie&wp. = a>p2. Apa = Ap2i::}3«t«cfcl>. (1 

<D{cffii>r^*i,5Mft#s«^3teSj ^b'cfctfKre^Pi.p 5') ^\z7i<-tMoe-^zm^<ommmma io^a<\/i) 

AK2jL2=AKxjLi+{2n- 1 ±a)7r (nttS^) —(16') 
tJEcS., ^©«-&C(i. ^^HatZifSbTJt^— b©t [0 0 3 0] ifc. 2ocDfi^^S„ , S^ffl^^'JT 

t±Jl*^ti.5iSft#«^nfe4^«Eil-&^Fj ©lx^;H± 40 :^iiIiRI!Sa>=„, is6je^Pi,P2 ©^^'JT^iS 

i:S!l^^Pi,P2 (c?^-r?)T^^mi^t)?>-r. T^'V a;,„+a>,„=wpi + wp2 

^-ix^>(ctt^§*s^ev^©T•*ffl±©FtgMtt'5:V^, ©S^JcfentS. S4>fcj6rM-&^F„ , F„ ®+ 

[0 0 2 9] W±©J;otc4^^rM-^^^^[H]E&^«fig -\' U T^)SS[»iAn#fco-r t). 2o 

U (15'), (16') S;CS^^t-*{^t=<&^fct-^t!ctt^K2 ©ft^^S„ , s„ (D^m^mi^nt^fi^ . 

1, 2 2$rffll>-5Ci:{CJ:!3, -f ;i/^^©jg^S^ [0 0 3 1] iiC^T*. >fc#!^?f$igK 1 2 T- fi. ^i'l; 
lSI#®<fefflv^5c:i:'5:<. «[Sf.*M^3teSj (j=l, 7^ilMSca)pa + Wp2-a>-j© 43fc«ig^^F ^ ©ffe 

2, -,N)©^MS^-ffiSi^Ufc4^jS?g^^Fj {C, i&^^fePi,P2 <£^*l^ni^jIbfcl5&e^i:bT, 
?^:^^a{g^7fcSj JJit/fUe^tPx.Pa A^^^SIbT ^^')7^mmWL2<o^^-oj.„ 2w,2-w=j©^S?5: 
5if)mt-Ci;*s-C-#5. 50 4^jSS-&7feA5wpi-Wp2®P^|JiT-^^-ri., 4«S 
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[0 0 3 2] 

3, 4©4*jSrS^^^^[ilK& rjg-^^fifg^3^©- 
e«Sl£Sllsl8&j i:v^ao 

fe 4^?^fl^^»5fe[s]SSO^^J«J6)c^S^^„ 
[0 0 3 3] *l^«?i|®^Sc<ix m 1 ©«J5Kl::i3V^T^ 

Wf(= 2 Wp-o;.) ffl4^?SJg-g-:)feF*s^^-rS<. 3© 
4 ^^grl^^ F {±^^«ci^-&S 2 0 ® jK- h ® ^> tliit 

^ o 

[0 0 3 4] Hieii. $SjIK;®^^fflv^fc^SS^a^g^ 

t-dr^UT^MiS^A^Wp =ajpa = a;p2®l;j@7tP$ffl 
-J ( j =1,2,-,N) ©?K:^^afs^^Sj*DJ:t>'^-\''J 

cffl^«^s$nt4>t«t?M-&^Fj 
^2 o©^-h®A»e>tBW$n> is«#«M-^^Sj *> 

[0 0 3 5] 2'^(Dm^9tS^ , s„®^-\'';r 

p 

Ct>sin+ Ct)sri= 2 a)p 

©H^lcfetiii^ ^^t-S4^teigrg-&^F„ , F„ ©^ 

[0 0 3 6] {m^u.^m(Dmm) m i tts m^^nm 



(7) iRfra¥9-3 3 9 6 7 

12 

©1^SJ({±. 01©«lf!g®&gP^(iiS«^tSi:b. 
itS®7fe^lKiSS^§§2 3. {H?««i^S©^#faff$jgS 2 

4. {its»^s©^^faj^tK2 5. 2 

3,04 iz7rs-rmm'mm^tft(D-^M'mm'm^i^ 

©iS?Sttffi©^l!;{i. 4>fciS?M^>fc{3Mt-?.ft^7fc4oct 

[11S&4'©(1?S^'d:^ h-^S 

10 «JKb. 4^®rg#^lc^-r5fi^>te:feJ;t>'li^7t©T 

ii^ fijs«*#^7r-f ^N-^©aajfi4«^<fefflv>. 

e.©1»a*T©±itt(cr&ofc{i«?««®M93fc*5J;i;fi!iie 

[0 0 3 7] ((l^^i9-t!(ffl«^® ?&liS^ tzmm) 0 8 (i 
iS?S^S5c«<«^©^fiix. fe 4 7fe?^?g^7t^^[l]S§©l?M 
20 2(s^5{6«aj®itt^ii. HI 7 ®ilig^^S^«j5)c 

fc^n^n«a*T#«EfiS^®{l«J^«C«M^S!2 7 <&IS; 

K*5<fct>-0 3.04 {c:s^N-r«ft^fi<s^^®-ejft«^ 

[0 0 3 8] xtt-^fi^m^tftcDmrnkWiifimtrr^ 

aj:^j^ns4^is^-&3fe®iKJi$*5J:tj'^je*ss{b-r 
2.. ctiti, fijS«i^®feto{C3iiA^nfciBiKgPS®« 

T-feSo ^CT-s as^2|EiSS§^®fSiS^mM{ji^MS! 2 
30 7 ^lp]!iS4'{c#AL. <liS«i*^®^#i^ff$!atK2 4® 

2'o<DmMm<D^mzn-r^m^^<D^mm-^m\^< 
(3M-rs^«lJa*A^^bv^^aM^sJts®^^^^^JF^^M 2 

4^fflV^5^-&fz{i. ®i^7t*#<Ji?SW{cl : l®^Jg 

it-eA*f-rSo *aS#;^tii|iig®«fc-5'fe2o®(s 
MWtcM-r Mm^mt^^i3i ^ *) ® v^ 5 fi. 
&{i«lfi{c^-r S ^l^lfiJf#A«^ U < ^ § <i; d {cidjg^fc® 

2 3 . tfttmwmm. 2 4 43 cfc?>-i9-«!ctt«K 2 5,2 
[0 0 3 9] 75;:fb% {ljai9-i!cW«^|§ 2 7 tt. 0{C^-r 

i ^ 4 %m^-^tft(o\hm^ (^^KS^-^fi 2 3 ®^- 

h©) Kiias-rsftetc. e^^*5J;Vliiia^®A*fa5 

(^t^ll!$JS^^2 3®7t^-h®) . 

(^^«ii5g-&S2 3®4^-h(S>, ®^) {cEau-C*)J; 
V^o il^ia^e - 6 7 0 5 3^&$g 

50 i4j^K2 5, 2Q^^^m.ismm^^y3m-^}i^x^ii 
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[0 04 0] im^^tmfs^(D'^m^mt:m^tzm 

[0 0 4 1] ^c4b\ iS^S^J^lMlKi: bTffl^^S:®■&tI 

[0 0 4 2] >^mmm(D!^it. m i ^D«)^t^i3v^T. 

3,04 iz^i-M^Mim^mcD-^^A^^imicis 
V'«T*)|B)«T-fe^. ft^^S*)J:Ufi!i®^P.,P2 {iA 

^;Ufcj}t— h®fcM-5, :i(Z)tzib. nicm^mm^Pi, 

V^, ^CT% ft^^te S^5J;i0fffi!j®^Pi,P2 ^Aitt-S 
2 0 ayyii— h Olzm !? ^(Dm±^m 2 8 § 

Pi, Pa <&Pl±-r5. >fc^\ M!3^©|5S±^e2 St 

[0 0 4 3] (4 7t^SrM-^*^c?S^^ii^;^i^5^J5g^® 
SPfE) 01 Ui. 4>fe«[^l^^{c^i^^a^:e^®3fc^!R^ 

2 0®;}f-h®A»e,ai*r^nS4^?S?M^^Fl^?itl3i 
Ztiit. 0 2{c:^t-ffifflit®3fe^^lelS&:feJ;tK0 3, 0 
|B]«T-fei,„ 

[0 0 4 4] ^^teii^^S2 Offi^lSJt (50% : 50%) 

©#^i*t4^s 3te^iejs-&gg2 0. ^mmmmi 2. 

^fc14i^H2 1, 2 2ct3}c43(tSM^?feS, Sa~SN 

minmm^P^,P2: ©iliR^S'P;^ h-^a, tBW^tt: 

^2wpi-tJ„ 2 Wp2-aj,©4>teiSS-&3fc*)^^-f 
[0 0 4 5] -eCT-. 4^j^ig^^FSfe«irx ~Fn 
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fix, 

[0 0 4 6] 0 1 3 ii. ^m^mmm^^m^^tzmm^ 

MmcO^^Wm. 0 2 4b'ctl>*0 3©«J5g{r43V^T. 20© 

1,22 fpx^±i-:^mmy'jjvT>mn.^^mmm^ 

«?5-«CSL^fc^^©i3flt^JgAstfA-rs©T% 

20 i:. mm(D^^uTMmmm{o}^.+co^^)y2ifi-^tz 
[0 0 4 7] -latctt, m^^(DMm^m&0M) 

tzii<^. j(t) ) i:, i&e3fc©^S^iSS0^i(t). 0 

^^(t) * 

0pl(t)+0,2(t)-0.(t)=O (*fe{±0pl(t)+<Zl 

pa(t)-0.j(t)=O) 

IS©^» * 155 <- d i: AST- # 5 o 

30 [0 0 4 8] (^m^mmm^^m^^tzmm.) mi 4: 
it. 5^^lil^IS3fc^fflv^fcffiffl^t^s:^fe^^|5I^©sl^E 
«!!i«jER^^t-o 01 5(i. ^m^mmm^^m^^tz^m 

^M^j©^^agtii^ 0 2 4b•<t^;f0 3©«J6r)4^343v^T. 20 
®i!i^>ifiPi,P2 {cft^Tfes (?S:^#afi^jteSj ) t 

bfc^js^^>&jn^ s c i: T- s , 
[0 0 4 9] :^mmmzj^^xi>s 012, 01 stcs^ 

40 bfe**l^-<J/i!j®3fc^jS^JiAD^-B-SCi:ASTgSo 

^4b\ *llifSfi«J©^JSS^fc:ftJg'^^^#ffl-rsci:As 
"IteT-feSo 016«±. *^H^©{£ffi^t^^^^ipij^cD 

[0 0 5 0] :izx-i±. mnunm<D^^mMmm2 4 

^J:r>-^«!ctS^M2 5, 2 6i:bT{s?g?«^7fe7 7"f n 

2-3©i!je>16Pi,P2 {cffi^B^^Srinxfe, 
(a) tt^^«^S-&S2 3©;}?-h®(CA*tr.5fi^5fcS 
*5J:t>-®^7fcPi,P2 ©B#ra-?SS^T-fe»)> (b) 
^K^g^i§2 3 0pif-h®A-^tBi*^n?.{4ffiit^^F 
50 <Dmm-Mm.X-&^o C©J:3{C. fI^^S©?Sfti: 
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[0 0 5 1] (^y- MU!^) 0 1 7 tt. 2Xtl<D^^ 
-MISS AND EES) i::fe5 4^?SrM^^^^lfllSS 

^VU-^2 8^lff UT^^teiS^^ 2 0 h ®{C 

A:>3t-S«J5£lc:J;t9. 2 A:^ 1 m^^jC^^-y- MSSS 

[0 0 5 2] *^fi?!lT-(±v U T^i^StiSw, 6D« 

^3feS§:A;^>K/VU::2; Sl„i:b^ U T:i|ll^lSS[Wp 10 

Soo^ fc-rSo c:®A±f*^i;i/:5^Sir.i:'^— b^/vi/;^ 

[0 0 5 3] m 8«i. 3Xtl(D^^—h\a\m (TfeAN 

1-0 *ll«S«?!l®i|t0S«i. 01 7 Mallei: |Bl«© 20 

«fig{c=t!3> «ftSl^lS#fc*v^3A;tfim*>®3tey- 
Mli^ (*ANDIi]S&) S^S,b;ti:Ci5{3fe?.o *ll 
^Efi?!lT•{±^ A:tf?t>'i>'l'XSi„®^-\'';T:ftJl?Klgta;» 

2 0).= Wpi + ttJpa 

/Vl/;^Gi , Gz cm{cj;f)> ^l^i^fl^jSK 

1 24'T-Ai>3te/'Vl/;^Si„ii'y— h3lg/Vl/;^Gi,G2 *s 
S*e -r? i: ^ t^S-r 4 3fc?SrM-&3ifc©^ ^ U 

b^ :^r-^ u T^;i^»tt>3 oA;t7^v^;i/;^ s i„{4^ -y— 

h^yVl/y^Gj , G^ i:i:*)t3fe^i6$^^^2 0©5lt- 
iig-&§§2 0®4?-h®iP?,tti«$nSo 

[0 0 5 4] (^^^jiT.'f^miEl^) mi 9^4^ ^/-t;!/;^ 
-To ^mmm<D^{ts mi icot^^-hmm^m.m.m 

[0 05 5] *l8SE^JT-{±s U r^MI»iStw= ®A 
ts^fV\^7sS^r.\:.n\^X. ^l®®^y-Ml]SST-{i^ 
^ T^iajSEl&WB ®'y-h3te/Vl/XGi *A±rb^ ^ 
®^'rA;:^D'yh (ta, U) Ic^-^'U T:^ill«m<Wf( = 
2ajp-w=) ®ttli7*^^;i/::^ Sov.^i^ttl:;'3^-B-2)o Cti 

So„.a(CMUT. ^ 2|9©^y- h [plSST-{4=^f-^ 'J 
/'^Jl^KiSajo ©-y- h^yVl/;:^G2 SrA±;b> ^'f A 50 
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XD^yh (U) {C^-\'UT:^ja«ElSw»(=2(t>p-&)*) 

e<]{cy— h':)fe/^;i/XGi . Ga *stt^C:t>i:5fei)^-f A 
XD>yh (U) ® 15=-\'4^;i/3!)S:9-g|^n.So 
[0 0 5 6] 35;*5. m 1 Y HEST-fi^ U 

®A:t;5fc^^;i/XSi„A^e,dr-\' UT:^/!^ 
ffw^ ®i±i;fj7fc/Vl/:^ (4^^^rg-&7fc) So^.iA^^^fel- 
i.. ^2|S!®^y-MaS&T-{i^ ^^^UT^ffl^gi 

ISWf ®ai:t;jfe/'Vl/;^Sov,i.i*>e>^-^';T^i^^a!(w= 
a:>^ti%)^)\^7. (4^^SrM^*) S„„«As^^t-?.o 
tLlc J; 13, A:^^fe/i;i/;K Sir.tttiii^/'^^UX S=,„^2®A 
m^'jM^Jillll 8®3A;f3®^'!7'-hlllgSi:|H|bT-> y 
-h3fcGa , G2 ®«E«*siffi«T-rtriHf»t*sfe5o ^ 

f- V m^o:>wm.mm±. mi 8 ® 3 xtKD^ff- v 

[0 0 5 7] EI 2 0(4. ^^^)V7.'^mmmiLrji^ 

2 9^ia5^-&t>-t±s:ii:Cctf). ii§^iy^fi$nfc^>'i 
;i/Xfg^® ^ 4 ^ ;i/ S:— s b T ^gf 1" s 

[0 0 5 8] m^c*5V^T. U 7':^jiI?S^a>= ® A;f3 
%n)i':^Si.J^in\yX. §^i'A;^D-y htu(k=i,2,3, 

Gk<SeA:t;b. &^$'-f a:;<d hucTiiK:^^ U T^jl 
Mi!t(Wfh(= 2ctJpk-t£j=) ®ai*;^t/^;i';^ Sov.^kS:t±ii; 
^■B-^o c:®ai;'3^>'Vi/:^ S 

S bt^iit-?. c i: *s-t- * ^ o 
[0 0 5 9] ?5:*3. k = l,2,3,4 {Z^bT. HO^iC 
{K3(a>=) + K2(t«>,K)-2K2(<t)p„)} L2= {K 

i(a)=) + Ki(w*k)-Ka(c<>,M,)} Li + (2n- 1 ±a)7r 

A^^M$tLi.'fo®i:-rSo tJ.±s^bfc^/i;u;=^^^[iim 
®^SE«a|fllfigT- (4, ^^S' ^ A ;^ n h \zii\^xmm. bfc 
'y-h3fct:J;5 4^^S[ig-&&fflv^fc*s^ ^ii&b«;v^'5''- 
h 5fe ^ffl V ^T |HI«®»||&# 5 d i: AST- ^ S o 
[0 0 6 0] 

[^0^®*;^] lil±i£B^bfc4^C. *^B^®4^®M 

^^^*lHlie&{4> ^g^ft7^;^^^®^-&^^s^l9!&fflv^ 

5'h'&<. m^®^fe^^t=^£Mfe^^S!c^4^^K^fflv^s^ 
i:t4t), ^^bfc43fejS?S-&^t{t^:>fc^-J:t>-iaj®^ 

{cJ:S^Ja6MliS<£Stt*v>®TN S;gji3fc{3^®iffl!S|As 

pjfgii'fet). $^fcfs^^fchaeifc®iSssriiEis^-y-r 

[0 0 6 1] *^0^®4^«f?g-&>te#g^[p|!i&{4. 
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[0 0 6 2] ^c4b\ {9^^t5^umm^vzm^M^^-&^ 
iii^mm^^fis 4^«jg^^ ({4ffl±t^s^fe, mA^m 

[0 2] if ^« 2 ® 4 ^mi^^^^^m^<Dmmmm^ 

[03] S»*Ii 3 ® 4 ^^^ffi^^*^IillS©SQ£^^,^ § 
^t"0o 20 

[0 4] mmmA<DA^m^^^%^mm(D^w^m^ 

[0 5] $iJl®^e^Sfflv^t4 7te^S^M-gr^Sg^[i]SS®^ 

mmmmtim-tmo 

^j^mss® ^ t-0o 

[0 7] Mmmm(D AimM^%^^m^(Dmm.mm 

[0 8] fJi?ft^t!(««^©$il;tfe4^«£S-&3fc^^B] 

]E§®iQs«?y«f!£§^-r0o 30 
[0 9 ] i^mm^to^-^^^^^m^fz: 4 tft^m.-^ 

[010] M!3fS^5t43J:l>*®jg^<^ia±1-S43teS[ig 

[011] 4^mM-^it^mfijLA^t±^m%m^^ns. 
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[012] fkm.&mmm^-^m^^f:i&M^'^9t^^m^ 
[013] nm.m^mi^^-&m^^tzm.m^mmmt(o- 

[014] ^Jg^iii!i^7tS:fflo:fcffifflttS^^^|ll^ 
[0 15] ^S^SiS^I®^*fflV^fe^ft:R#S{s^^te®- 

[017] 2A;^j®^'y-h[HlS§ (TfeANDUSS) t^S: 

[018] 3 Aijffl^-y— (^ANDHliiS) 
S 4 ^^S?M^3fc^^IlIS&©|UE^J;ifj5!c<&33^-r0. 
[0 19] ^/VU^^^gtllli&t'SS 4^«[S^^*^[iI 

[02 0] 4^tgs-&^fg^[i] 

S§©^^J«fi)(;5:S^t-0. 
[021] m.^(D 4 3lfi«S-&^^^lHlE§©«fig^^^ 

0. 

[02 2] se3fe®{!^ffl^t^a^^^[llE&®m^?^■r0. 

[02 3] tte*©ig:S#aM^^®-eiS:g^«l|lllS© 
«fi)(;*^-r0o 
^^f^®a^^0^] 

1 1 ^^m.'m 

1 2 mmwmw 

1 3 iSS^-f;!/^ (ctjf ) 

2 0 ^^Kre-^fl 

2 1,22 ^WL^mm 

2 3 fl?S«i#fM®7t^it5iiS^^ 

2 4 {ijS«i#McD^^Ni^ff$^K 
2 5,2 6 fl?ftiS^S®^t!ctti«K 
2 7 

2 8 ^tT'fVU— ^ 
2 9 it^m^ 



(11) 



nmW- 9-3 3 9 6 7 



mil 




(12) 



<RfPB¥ 9-3 3 9 6 7 



[132] 



as 
[§i 
■m 

m 

e 

Cvi 




(14) 
[04] 



9-3 3 9 6 7 



fill/ 

e 
m 

m 



us 




Q_ 



CO 



CO 



J 



(15) 



<^m^ 9-3 3 9 6 7 



[HIS] 




OJs (Ot> (Or 



S. P 



[116] 




22 



(16) 
[07] 



ittM¥ 9-3 3 9 6 7 




[0 8] 



^24 



25 



\ 






27 





















S. P,, Pi 



(17) 



!^mW- 9-3 3 9 6 7 



[1119] 




(xJs Wpi CiJp2 (*>t 



mi 0] 



il 



(Os (Opi 6>p2 COf 

S, p.. P2 
>• 




S. P„ Pt 



(18) 



!|tga¥ 9-3 3 9 6 7 



[011] 



4 ^s-a^ic«ni&^fc^>tJ!j65)-$ttls-r ^ 4 tftiim^^iM&m&<omsmw^ 




[016] 



1560 



9»l[nin| 













1 1 1 


J r 1 



(19) 




(20) !|tig¥9-3 3 9 6 7 

[0131 

i 6-# i 




(21) 
[014] 



9-33967 




(22) 



l¥ 9-33967 



[^15] 

— z 
LU Uu 

i p... # 




(25) 



O^m^ 9-3 3 9 6 7 



[019] 




(27) 



9-33967 



[02 1] 



3 

<M 

3 

o. 

3 

03 

3 



IS 

m 

G 
IB 
m 

Jan 

G 



CO 




CO 



0.4 



3 

CsJ 

a. 

3 

3 
u 

3 



C04 




3 

3 



3 



(28) 
[02 2] 



m 
m 

e 

Isl 
Q 



a. 
to 




CO 



CO 



3 




CO 



(29) 
[@2 3] 



9-33967 




™'S PAGE BUNK 



(USPTO) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
{pFAJE^ED TEXT OR DRAWING 
I^BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



THIS PAGE BLANK 



